systematic study of possible non-hydrostatic pressure effects and also of the sensitivity of these effects 1 to the horizontal grid size.
demonstrated and explained in XD06b also with constant buoyancy frequency.
18
The depth profile H(x) in meters is specified according to There is no flow through the sea bed. Initially the water elevation is zero, and there is no flow. 
where φ int contains the unrelaxed values computed by the model and φ ext is a specified external value.
7
The relaxation parameter α varies smoothly from 0 at x = -1000 m to 1 in the leftmost boundary cell, 8 see Martinsen and Engedahl (1987).
9
The M 2 tide is forced into the domain by specifying an external velocity in the x-direction u ext−lef t (t) 10 as 11 u ext−lef t (t) = u 0 sin(ω M2 t) , ∀ z ,
where ω M2 = 0.000140526 rad s 
In the right flow relaxation zone equation (2) is used to update the model velocities. In this zone the instance differ from the corresponding field over the first tidal cycle, and we can not expect to achieve 12 a periodic solution. However, by comparing the results at the time of maximum inflow from the first 13 tidal cycle presented here with corresponding results from the second tidal cycle presented in XD06a; experiments are repeated with "large" values of viscosity and diffusivity namely: 
12
To identify the sensitivity of the solution and the non-hydrostatic effects to the grid size, the experi- for all values of ∆x.
15
In the experiments, the bottom stress vector τ b (x, t) is specified by
where ρ 0 is the reference density, and u b and v b are the velocity components in the x-direction and the 17 cross channel direction respectively. The drag coefficient C D is given by
and z b is the distance of the nearest grid point to the bottom. The von Karman constant κ is 0.4 and 1 the bottom roughness parameter is chosen to be z 0 = 0.01m, see Blumberg and Mellor (1987).
2
The following norm is used to measure the differences between model fields φ H produced with the 3 hydrostatic model and model fields φ N H produced with the non-hydrostatic model
where Area is the area of the integration domain.
5
The differences between instantaneous fields produced with different methods may be large due to small 6 shifts in the phase of the internal waves that occur in the lee of the sill during super-critical inflow.
7
Therefore, also the time mean fields
are computed to investigate whether the changes also affect these more robust means.
9
Errors in the internal pressure gradient estimation may be a problem in σ-coordinate models, see for with and without the non-hydrostatic corrections of the velocity fields also support this conclusion.
18
With ∆x = 100 m, the temperature fields from the hydrostatic and the non-hydrostatic experiments Figs. 7b and 8b. Thus, both types of models may create bodies of well mixed fluid in the lee. However,
11
the mechanism when using a hydrostatic model is artificial, and hence it may be dubious to apply such 12 a model in more quantitative studies of mixing.
13
In all experiments bottom boundary layer separation occurs in the lee of the sill approximately between of approximately 125 m consistent with the range found in our numerical studies.
22
In the results from all simulations, internal waves are found in the lee of the sill during maximum inflow, discussion above on missing non-hydrostatic dispersion and steepening of waves in hydrostatic models.
13
The periods and amplitudes of the internal waves in the lee of the sill are correspondingly affected 14 by the grid size. This is clearly seen in the time series of the vertical velocities ( 
12
The focus has so far been on the non-hydrostatic pressure effects on the instantaneous velocity and also noticeable. These changes in the time mean temperature field may be due to changes in the mixing.
25
However, the time mean velocity fields are also affected by the non-hydrostatic pressure corrections, see Fig. 12 and the discussion below, and therefore changes in the advection may also contribute to the 1 changes in the time mean temperature field. temperature field (Fig. 11 ).
19
The flow separation in the lee and the overturning roll near the top of the sill are also seen in the plot of 20 the instantaneous temperature field from the non-hydrostatic experiment (Fig. 8b) The plots of the time mean temperature fields ( Fig. 11) suggest that the deeper separation point 7 approximately 500 m from the top of the sill is less affected by the non-hydrostatic pressure effects. is large enough to suppress small scale variability in the flow field, and a reduction in ∆x will not 2 change the computed flow fields significantly. 
16
In many studies it may be more important to get the larger scale mean characteristics of the flow and effects may not continue to grow as the grid size is reduced.
11
In numerical ocean modelling there is a general trend towards higher resolution and non-hydrostatic 12 models. Below we will try to put the present work in this wider perspective.
13
In large scale ocean modelling based on the Reynolds averaged equations (RANS) with grid sizes larger In the near future it will be more realistic to apply grid sizes in the range between ∼ 1 km and ∼ 1 m.
7
In this range non-hydrostatic pressure effects may be important, even if they are not fully accounted 
16
The results from the present studies indicate that for larger grid sizes, 50 m or 100 m in our case with 17 tidally driven flow over a sill, the non-hydrostatic pressure effects are relatively small. This finding has 18 important consequences for the planning of future 3D experiments for such systems. Unless we can 19 afford to apply a small enough horizontal grid size, it may be a waste of computer time to perform 3D 20 sill studies with non-hydrostatic models.
21
In high resolution DNS studies, one may expect to find important 3D features of the flow superimposed . Thus it will not be feasible today to perform DNS studies for a realistic sill domain. At present we therefore do not know how much more the numerical 1 solutions will change if we continue to refine the grid. However, with a horizontal grid size of 1.5625 m 2 we are at least able to represent both the internal waves and the overturning vortices in the lee of the 
13
There is a growing literature pointing at the importance of the interactions between stratified flow 14 and topography and the associated irreversible mixing on the meridional overturning circulation, see between the time mean temperature fields, see Equation 9 , are given in the bottom figure. (c) (c) (c) (c) 
